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ltm cabugea bh ~ \o Alt bi.a M9d1. Ila 10 4o1D11 )w 
JMaa de~ tcnata, ploved tM laid, ul built o1Uee. haze have 
adaptoi tbcnMl voe \o these ob&Dg<1e, aDt1 ill manr iuatuoes poptWatloDs 
baw enpM4 u • nnlt. !!sir Uilii7 - evni'l9 a4vaAoeuat. ot 
o1YW.atJoD al 1uNaa1Dtl lmll\1q pl"8Alll'S lu .. av the maat im-
pol"tant. bia-PU •n'M1 1D Amriaa. fha 1mpariaua ot ._.••a pm 
•"'"'' Ma aauaed sam apnot.a \ca iaauta\e llON J.ataaive mnagement. 
procnma. 
Prepw ~ ot this apseiQs baa loag been a problaa of 
\Aobntoiaa llllUlt, - Ula '° detamf.u ... mabera am levels ot area 
'189 bf dew. l>eqpl\e mah l"O..anA OD tb8aa prolU.oma, oauidilrable 
addlU..1 vwk ia nqui.recl tor tb8 4eval.-n et u l&001ll'ate, HOllGD-
ioal •t!lo4 ot 4eterld.D1Dg dMI' llP'Qhera. 
!be nnl\a ot SIQ" oaau mtiaocl larSGJ¥ d8pelll . oa a Jmovledge 
ot tbe habi\a ud ZIDV'8Jlml\a ot the antaJ wda' &tuq. DU1\1et'g ud. 
Guetteapr ( 9) eaphaa1aocl Wa 1a t.baii- atdl' ot the Whaonrdn claer 
bill'd tm8A th9J aa14 (p. S2)1 "~ a elev GI" aav other pma u1a1 is 
at a givan tJ.ma, ar libero ho wq lie upeatecl w go 1D a daJ or a eeason 
019 8 rear mat ba known befON intalli«eJlt manacement caD M UDlartaku. II 
The South Dakota .Depart.m.tmt ot owae, liab aad Parka, ill ~ 
tar a pmatioal ~atJ.on inda, eatabl.iahed the apotli&hting 
teabrdquo iA 1944. Spotligbtiag wa oarriod out on predet.ermimd 
routes b,y two obaenva 1D a fthlclo equ1ppe4 vith tvo mwrt.ed spot-
lJ&ht,a. All elev within J'WJIGI ot tbe Ughta van ia11ser1. At. tint, 
aomts V8rG made 1n October am aar}3 lovab8r. Al t.botJgh th87 provided 
2 
a populat1ml aex ntlo, ae wll u an index to dHr ammbora, no prov1a-
1cma WN md8 to c01"NCt for tha large YUiaticm in D1ghtly aomrt.a; thua 
aoounte oenma intamation '88 not obtained. Ill 19501 spring spot-
light1D& nplaaed the tall wort. It vaa tbotJ«ht that durinc the madov 
11green1.ng-upa pariacl large mahars ot huDgJ:'J clear would be leu ~ 
rue to taotora that 1Dtlasanaad tall couata. aver a \bree f8U pariad 
(1950-19'2) the oouata V9J'9 a4vena1J atteatld b7 almomal waa\her oon-
ditioDs vmn preintun apr1Dg tbava toJlowd, ""belated 8QOV stoma 
spread the peak ot w.dov use ~ detu-. ConseqwmU,, ocmparable annual 
oowats WN not obtatne4. T!ut technique, though imp:wed. co1uddenb.11 
over the past. 14 ,.ara, ist.Ul left, mob to t.CI 4aair.s. 
Bev.- (2) reqmated t.bat apotJ.i&hUDg be uperimA~ acmdw:ted. 
dmiDs ta aawr mntha. Be aon1.mled tbat attar t.he deer bad beacm 
est.ebl 'lhed on their au1mnar range, a maombl1 CODSt4llt maber should 
be pNfii8Dt 1A tu same area each Dight. On tad.a pra!.se, this spot-
llght1Dg stuq vu Wtiated in the B11ZlllY'l" ot 1958 sad .. set up to 
apoUJght tm same maadova each D1ght t1"lm JUll8 15 through ~ lS. 
Dar1DI w.s period, data wn kept. on deer mmhars, wapwatv.ra, pNG1p-
1tat.ton, tw ot observation, al.om oovar, relative m.tdi.t,, wind, 
lunar stasea, pbeaoloa, and other tactozos Jmovn to i:ltl.119l100 deer lllDYe-
meata. Evaluation ot the etteota ot tbe above taotora Oil dee movement 
and bebavior mq prove the fPtml!l8'P ~ toabn1.qua \o bs ot value 
1A Mure deer ma.nagament. 
CRAPTll II 
Several staw vll4Ute aguoiea hav. ued apotJJ.aht.t.ag 1A deer 
at.mi.ea to obtaiA popul&t1cm 1Dd1.oea, to WIAD'O population t.nzada• and 
to calleot. ea ratlo data. Bowler, nealt• ot aaoh .adioa Nlla1A 
lusel¥ ""P'Wl la.cl. Correaponduoe vi\h Jl state ageuiaa aid vith 
\hree Canadtaa PJW1De1al PIDI ~a i•Uoated TU'J1as lllplri.eno• 
vi~ \119 teohn1q'8. 
rlv• st.ate• aad ou Cenedt1n Prwilloe - v1r11n1a, Ok11home, Call-
tomla, llv Jlusplh1N1 Mlaaovi, aD4 lritiab ColvmM.a - llll4e 11aited uao 
ot spotl.Jchta 1A de9I' nMU'Ob or ••gwat. The ~ aot1v-
1U.1 et \beae state gama ozpnilat.lou wn too apondio or ot too 
lhort. duntJ.oa to 4enlop 1JMSG1al t.eolmiques, tlma lit;tle uabl.8 in-
tomatloa is awn able. 
OtJm atat.a haft UD4ertakaA ~ prognu. QCID8ftl ob-
IG'ftt.imas U'9 ~ bei.Dg 1&148 bT Georgia Qw Depart.mat parsowl 
in acmJUDOtioa vit.b their deer aapt,uriag FGSl'B OD Oaoabov I•>•ad. 
DaWDl.Dg (12) 1ndioatecl tbe po11ailail l Uea ot apcrW.PtiDg •• a lllppl.wt. 
to o1Ur deer eeaau arathoda SA Georpa. TM MloM1an CouervaUoa De-
pu1imllt !au ocmd1aotacl claw upo1i.1J.c!rUDI oomrt• on ftriGua oooatt101111J 
lmt.1 beaaue ot utiw Tari&tiona lA couta, tb8 resvl ta w.re aou14-
erocl \1DNllable. Ii eecaa that tb9 Nl•tgan vvkn'a, lJJlll otbaz'a, vere 
a•blo to ooJ"NOt tor faotors 1aflw1zlg ~ number•• na 1A area• 
allJ.tabl.e tor apo~illl openUou (lberbart, ll ). 
CllrNDtl.r Wiaooa1tn la n-nalaat.in& 1'• •Jd.atilla apoUjpt.t.111 
P"•*ure tor obbtntqg tall popal.at.loll ntioa. Coo& ,(7) ot 'Mle Wia-
4 
•cmda Coaeenat.J.oa ~ ..u (peracmal l.nw )1 •we t..i. *" 
... ot GUI' oh9nera _, lie U7illl ta ideDUf71 •• to 11& url •• at 
too peat. a cU.at.uaeJ .i.- watlm oond1Uoaa MT pl.AT u !llpGrtut part 
1D 'Mle nUo oblU'ftCl. • • • led tall I pl.all to Mb - ataaive ob-
IU'Y&Uou GD a ~ ana.• 
i&aD (l4) an4 lcQd (J), Wl'kiDI 11a 111mtua am. Oolondo reapect-
1vei,, not.eel the cUttioulU.• ~ 1D •k1• acnmta ot ._ m-
der ~·· Both Wl'8 OOWIUllg dee !AVolved 1D altalta dama&• 
oampt1Sata. 
ror Wl9l'8l ,..ra lorth Carolla bu bMD wd.na adgJlt. aounta on 
pndetendnl4 apotlilhtial route• &ad areaa. Laok ot a staradar41aed 
teobDS.qua nllll.ted ill apo:radics 00W1t1 Wioh J1elde4 Ut.tl• ftl.aablA 111-
tomat.ioA OODOU'D1Dg tact.ors t.bat. Wlueaoecl 4HI' numbers obaened (Le-
1-r, a). 
11olop8'a 1A Soutb Dakota !lave tomlll ~!Ds u aooeptabl.e 
a&nn for Mer populat1on8 aml have pt.heNcl pertiAut, 1JltomatioA 
a1Doe 1944. OrtatnaJ 17 tb8 vorlc was our1ed out. during ~ and 
Ootober. ..,_. (1) a1cl (p. U)a •w. area•t too at.latt..4 vi\b Wa 
lllthocl beoaue ot tu b1c variation 1A OGWlta al.Ollg \he .- route on 
1WSaeuive Aighta.• Although ti.ae data colleoted 1D tall oamta gave 
uahle 1.Dtormt.J.on, the Jll'Oll'U •• ohuged. to a april1g opentioD t.o 
avoid oerlain factors <••I• migntiona, pbenolo17) affecting aellaWI 
aOUDta. CIU18Ua8s for thr88 oon•cutive ,.ar11 ahovacl a riaiag popula-
' 
Uaaf Im \be yaU4itJ' ot \M m\bo4 U ~ la Yiav of a doubJt"I 
pop1l1aUoa •&M'ltt oa w \ruaea\ Ja w 1MI'• TM ~ teoh-
Diqu9 •• illproved ..S at1ataato17 populaUoa t.nads wro thin obtatned 
(Benr, a). Dot.Ja ....,. m1 leV8I' J.DiU.oaW, 11ovenr, *' racnon 
atteotJ.aa dMr ......_ o1a1ev.t mlODI .,otUgM l'01Raa mll\ 1ae nalu,.. 
aw w ... u.r ~ ap!l&.S.a .. • pl1ee4 • ~i, nal.t1. 
ll\bo\lgh \hfnoe la verr ll\Ue \bat baa beOD publlahed about apot-
lJPtUg aa a clMr-oenaus ll8tho4, OOJW.deabla lntomation com:anWI& 
tafltorl *ioh affeot deGJ" llOYClmlt W llehavior, ud ul\J.matelJ spot-
l11htiJtc rellUl.t.a la avas J able. Pvt.1mt. pvbl icatiou ue \bentore 
NYinecl below. 
WlleD \he apr1Dg a!gnUoa, or tbe UOMvbat leaaer mvwt.a hav• 
..s.t, U.r eetabllab tbl••l••a 1D home ueaa t.llat. vill prorl.ct. lit•'• 
eaaaaUala. Daem pnpariJal to tam wk •oln•ton ud appuutJ.J •e-
t.llillsb a taVIWlg lite b1' late *1• Tlaq \hen rutrlat tbe1r c1aU7 
aot.1Y1.U.e to a lm1l U'9& (1.tw1197, ao). 
Tqlor (24) foullll \bat. bru41nc peaJaa 1a ldd-...._ aarou the 
lortberA l1D1te4 Stat.H WDtr eornaponcU ng taVldag voal.4 tall 4=1ng \ha 
tint put. ot Jum. Lin1lse7 (20) alao Ob89l'9ecl the greateet mmber ot 
tatma wn bol"ll 41ll"1Dc ear17 Jum. 
ravna nma1D h14dM 1A or near t.he1r b1rtbplaoe f<:Jr thrao weka 
or mn aooorcl1.ng to Tqlor (24). Rutt (23) cl1cl mt 1D41oate the ea• ot 
r ...... u obw ... tbat .... "1\!a tama , ... J.arpq ., ~ .. 
the faMU an Dp\ 1a htd1DC clmiDa tile daT• fqlor (24) ~ 
fa• MUYit,i' (p. 7l)a 
Tu maU. ~ tM bl4S91 ,..W YUUa vl'Ul 1lllU:tff1111 e. aa.-
U.a the fawn kgtne to IO vlth lta mth9r atter the th-st tvo 
or tJaiee ..Us •' ..._ Um• 1\ w 1io "'""tn la ...ia.soa 
tor •I\ ot \be •' ••r. 0oa11onan7 "fV7 mlJ. tavna, .not. onr 
a few daJ• .it. ua1 sr• t.a.Sa- motmn '° ~ feed'nc paallda • 
• • • , ...... aid a.1th clo pcda\ - ~ ... doe bid -
taa vith bar llbe .. m _.._. Ulm-.. •l••• Mil Ml" 
ltq Oil tile f•"nc poaad wa ~. S.n1 nclT lt wul4 be 
......... '° .. teed'• .. '° ..,. - 1U'1DI adeJ.T bid-
... 
to l8ek eeolu!oa tor ~ web W MN after bU1Jb a4 tbat OM~ 
ua Upeden oa Yellmtar7 .._. mw11 sat.a wnl4 P" low ruul.\a 41lr1Dg 
hu u4 tJle th-8' wet ot IW:r• leoa.M tlm'e la a ftJiatioa in tavn-
1111 date•, J.aoreuea ill mnbw• ot tame ou.necl MJ utea4 ewer a 
JaUv ptOVth ooara ill a .,.i.. 1dl1ob 1a npeat.M .,.- an.. 
JUr• W!al.ootl (27) ut.e4 *' aat.lera M&.ta t.o pow ill jpril or Mir 
aad Ma?M llal'4 lv' ~ llbea the ftlftt. 1a Ibid. bU (2.J), caa.-
lw (S), ul 1.tncl_,. (20) al• 01-r'ed tllat olwiou uUe powtJ& 
oaoure mtag the perie4 trm 1111 to September ud that Yelm nbh1nc 
a\u't• aboat. ---- tuat. 
Dariaa tbe per1o4a ot eul.7 aatle povt.h tba tmot ata7a "1' bla-
Mlt • v1ll ... k ae&lacaloa vi\b otbR al.ea. ~a are nut.noted 
t.o rel&Uftlr ...U ueaa ud iaftr1ab1T tb87 eu be toad iD the Am 
place a\ \be .... Um dluinli tM DRiocl ot aatlezo aovth (Cebel•• .. s .. 
6 
u4 Tqlor1 24). The• autbon alao ntwncl to '1le lmraaled aot.1v1tr 
ot tu bwat •• the 1•e1MJt prosreane aid u tlle breediq seaaon ap-
pnaoma. 
Progulsb u4 Baantt. (22) got. their moat preol• 4eer movemat. 
intonation 1D 8Pl'lnl1 l"!'Mr, &1111 earq tall.1 tb8)" wrote (p. 145)• 
Daring t.heM perio4a, l8Y9ftl deer 1MM4 to baft ntJmt ..U 
aid 411t.1Mt boll8 rugos ill whi.oh t.he7 coul4 be tOUDd repeated-
11'• !!ala pa\tera vaa veU UlutraW b7 oaa Ml• vldoh •• ob-
eenecl JO time• during the 6-moDtb pel'1o4 b'ola Maroh to Sep-
_,_ 1955. the 4nr •• alVIJ• IMD vltJda tb9 .... J60.an 
area • • • 
It cla1l1 obaenatiou vare restriated to a m a&1.e poln\, the 1n-
aat.1v1Q' ot bu.aka voul4 1Dtlaeue tbl mmhm' ot doer obaenecl dur1Dg 
,,,,,,,, 
1 
Raalt1 ot ct.er pop&laticm lt.Ulli•• ukD41llg .,_. nteral aeuona 
v1ll be 1Dtl.unoocl b7 ohugea in daU7 an4 ... eonal t•Hng babita. 
Preterre4 tooda and pnternd teeding perio4a ohanga traquantl.71 such 
hablta are oonelat.ed with both met.eorol.ogioal and pbanolog1cal aondi-
tiona. Beraer (l), Rutt (23), and LlndMT (20) toUDd that dnr OODC8A-
trate on auaaul.a\ green vegetation vben it first appears ill the spring 
and oontilme to tood cm it vhanever it is available tbroughaut the 
Sllllllle. The latte tvo authors alto notecl that. iA late sappr aad 
earl.J tall the d.q1na ot gruaea oaues 4eor to teed 801"9 1Atenael.7 on 
forba W OD l88V98 an4 tvi&a ot vooci1' plaJlta. 
~ other workers have observed tbat deel" taecllng aot1vit1~a 
are related to avallab1llt:r ot preterred tooda. SUoh aotirltiea result 
1A clau b9J.ac partJ.aul.arq abul!f'ent at, tavodble teedlag id.tea RGh •• 
the opea meadows obaened la \b1a atwt.v. 
loologioal Faatora Iatluenolac Spot.UahtJ.Dg Re.W.ta 
W..t.Mr am :nl.&W eoaloaloal taat.ora uv• a gnat 1aflUD09 oa 
aovWAt.a ot 4aer aDl ~t.1¥ oa t.be number ot deer alaoervod on 
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&DJ om ana troll Alglat. t.o Diaht. It. la dlttloul t t.o .-pante ta 
eftma ot one •ool011oal tact.or trca wthar. .&.2111"•>• aid Told.ob (al) 
po1Atl4 thla out. (p. lU)a tttfbe atragth ud. vealmeae ot Up\ are 
aloeel1' a1aoa1ated with o\bu aUloapherlo OODiltiou \bat. mad.U7 behav-
ior ot \he ... , &Dll 'Ude ~a it 41tt1o'11.t to ateot. ...,,. iDtll&UOe 
att&-Dutabl.• to Ucbt. al.om.• Thcq alao uMrted that NlatiY• ma1.d1t7 
ia a taator ct.lpeD:l•t. upon otbar weat.Ur pllenomm. 
It 1a geuraJJ..r agreacl tbat. U1 one weather taotor aamaot be u-
preaaa4 alw, but. ratbei' it.a etfeot.a llOdUiad b7 t.Ae aomplexlU.. ot 
other aoUD& tact.ors. Tlma, OAlJ tor COllVUieDGe ot ell~ are 
t.ho mJor weat.bsr taotors •par&W belov. 
Sao\f baa a profound effect. cm mvem&m.t.a ot daer; the first, heaVJ 
anow 1A the tall am t.ha •FiD& tbav direotl.J regulatea movemaAt.s whether 
t.Ae7 be mlgratoq or atmplJ looal ahiftJJJga. autt (23) DOt.ecl t.bat 
vhite-tallecl cleerA move aboll\ &Dd tud .,,. :llltenaivel.J before niD and 
:mov. Dam u4 Taber (ll), vho studied~ Col•zmhlaa black-tailed 
4eer in cal.1ton!a, cl1seonncl t!sat preoipitatioa ud. ol ... , .... lltirau-
latecl aotiritT ot the •n1aJ 1 at all laoura lid t.ba\ bea'f1 ft1u aDll 
v1Dll drcwe 4Mr \o lbeltar. Darl!Jtg (lO) toulld wtmaa to Ma potent.. 
llltl:aua OD llOVwllta. Be now tbat a n1A 1ftaU7 at1m1aw aat-
1rl:'7 url beaV n1a ud v1llill l'fftd.oW lt. 19 al.IO oNezw4 \ba'\ red 
Per Mftded together u4 J10nc1 dovD-alope Ju\ prior t.o a IDOVatonl. 
ID \b81r work vi\h male deer, Lfnele>e 8111 !old.oh (21) tomd the 
.- to '8 \rD am added (p. JlO)a 1Lmtg perioda ot raiA oaa iAoreaae 
tbe teal.,..• ot .._. tor ra1a. • 
Ta 1at'l.1191lOe of hmidlt.7 OD 4MI' bebavlor, tbough depudat Oil 
t....,...tve ul oloud OOYV1 WI at.wlle4 b7 Bahn (17 ). le 4etermiDecl 
\bat there 1a a clet1D1t.e oorNlatioD Mt.wen vhite-t.aUed. clHzt move-
llU't.11• nlatl'A lpmfdt'\7, u4 .., IO'l9r dur1DI late att8l'DOOll. .la the 
tn•1AS:tf 1.Dareaaed he not.e4 tJaat. 4n1'.,.,..... dearealecl aa4 \berefore 
ocmoladed that apt!mml weather tor •lrfnc .._. o~a l• 1dllla lmmldit.7 
ls lov (70 peroeat, or laea) Aid tdlea tbl alq' l• ao\ mre t.blD 50 per. 
out ower oattt. Duriag epriDC opotllght.tag operatJ.ou 1n ta. Bluk 
Billa ot seut1a DUota, 1w.- (2) po1Jrte4 .- tbat. ldaJl lmmtdtv la 
aalOtdated vitb the tw mwbw1 ot dMr obtlened lD opa madova. 
Thia la lD ooaban to Wat Llald1l• ml taldab (21.) vrat.• (p • .Jl7)a 
The lov !mptdl.ty eoat.r1batu \o tM UICG'ltor\ ot \U 4Mr tor 
a large par\ of thl dq la \be .,. pal'\ ot ~ ...r. llmd.ac 
aotiv1t7 aab.W.a qulokl.J viUl ~ 4171111 ot the air, u4 ~ 
1a •.re replut aotJ.v1tJ' ill \be opea wnll \be •1.t.un la 
tM air bq!oa to laorea• la \lie attenoon. • • • lt tile U. 
JnaSdlt.J oondltlou be009I mon tavonbl• or naoh their opU.-
m, an4 mllt ot the deer &Nap IUlll about. A ldgb bmdd1t7 
aeeu DO\ to be det.riamtal to uer la asv- vq. 
A olo• ae.oc1at.1on betveen llDiatun and temperature •a found 
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bJ Dllrl.J.Ag (lO) 1A b1a act1v1t7 atudieo ot the rod deer !A Scotl.and. 
Clar Jc ( 6) helcl tb&t ollmat.lo oomdltiona &N laportut S.lltluaaea oa 
dail1' llOV.-Ata ot deer. 
aot.1v1t1as. Deer, like mq other an1mp1a, clo AOt adDd cold aad often 
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seek it, acccml1.Dg to Darllag (lO). He obaened that red deozo vbila 
889kiag tb8 cooler anaa tad to mova t.ovard t.ha. mat. wen temperatures. 
The atudias, boW'ler, wre oon4uct.ed OD the damp coastal areas at 
Scotlaad. B1a tt n41 oge 1Dd1oated aubatut1al col'NlatJ.on bet.voe11 temper-
ature oha1J3es and mov818Dts. Be noted tba red deer move moat on warm 
da7a and aeok cover vban the wat.ber ooola. aet8f'!'llg to tamp1ratures 
he vrat.e (p. 108)1 
Other iDtlaenoea mT •ak am OYWOGU fraa time W U. t.aaie 
NLe ot movemeat ill rtiatlon t.o temperature but 1a wl.Ja1a ot 
Mbaviol' ot "" 4eCll' 1D SOotl.ud it cu be aoapt.ed .. •z10111t-
1o. • • • Great.Got. dallJ moveurrt.a oacar 1A Ma7 to J1ID8 vb8A 
cllttU'ODCea betvoea dau, •"'ma amt ataSnn11 tempara\una are 
gnateot. 
With tu arrival ot Wol'UI' N9&tber, clan' teed DON at. Aiabt, 
aaCOl'd1Dg to Clark ( 6). Be also obaenec! a great illcrease 1ll 111ght 
activ1v clurinl atnm hot per1ocls. 
l..1.Dsct1>e aD4 Tmdcb (21), CronmnSUor ud BarUlolomav (a), am 
Daamana aml Taber (ll), ~ workecl on doer 1n cautornia aeeert.ed that 
MJ:ht aotlvit.7 variad cllreatl.7 vltb tampwst.are. TheT 41t1 tad, bow-
ever, that da.Ytime activit.7 during the hot seasons 1.ncraaeed when da7s 
wre cloudl a!ld cool. 
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The ettena ot lJgM ...... •GUT1Uea IN 41ftlault to nal-
ute ....,.._ et tM alo• nlattoaeldp ot 11glrt. vi'Ul otmr eoo1og1oaJ. 
taatori., parUnl.arJ.7 vitb 11DOD plaa•• u4 .q ocww. 
As -aona prograaa, Gbanpe 1A photoper1oda ~ attect 
deer IMlbanor. Llan'• am Tcmd.ch (21) 1tatec! (p. 418)1 wrrc. 4q to 
di¥ tU obangee a:re 19D8Nl.1T llBllJ la a wek or a mmrt.h1 how8'1er, 
there 97 be great altuatioJl 1Jl tba1r progza.• 
U.,lJiht aot1TI.t1ea, partlJ \be ntlP°"• io l.J8ht, an sub•• 
. -
qutlJltJ.J ntlectecl in n!aht time Jll09'Glllllta ut bebartor. The ettaots ot 
photoperioda duriDc lunar pba•e Ila• bee noted b7 L.la.,,ele &Dd Tamioh 
(21) (p. J94)l 
tbl ,.,tea ot dear llDYWDt1 t•'4 "'' aDlt neU.ng aftw dlaak 
Oil t.ba dz ldglat.a lllow4 • .,.,... cm NODUgb\. ~
tll9 alt.w~ t•Hns aid nAiDc per1oda ot attC"llOOA 001lUA-
m4 lato t.h9 ~. • • • Ia all, ....... - 48Watabl.e l'8a-
peaae to \)le prosHUlftl.T later --- 1A iMreuad aotlvlf-7 
OI' pralMlptloD ot altwt.e feMtng aDll reatJDg. Witbdl'nal 
to ocwa 1D the earl.T hours ct tbe llOJ'ld.as la appal'911tl.J deter-
11111114 bf taotors other thu tbe pn19DU or ab&l8DOa ot IDOD-
llcht Ull 1'• 1ateaalty. 
lbltt (23) also vrot• ot tba ettaota ot light (p. 226)a 
Deer aro g91l8ftl.1T aa mah nootunal aa 41urnal. The7 rue.17 
..,. 4wllg tbe •f"''• ot t.he dq eapecdall7 ill wzm watberJ 
but traa about tour o1 clook 1n tbe v1Dtv an4 IOll8Vbat la\Gr ill 
11••er maUl dut, tuT bqiA to move fMelT, a.ad oan 'be aMn 
t•Ung until almost Jld.4n1ght. Som .tm1v14uala _,move about 
the greater put ot the ldght, bat ~ tmtloate ~t. 
there ia a period of 1mct1v1t)' 4ur1ng the rd&ht as thera is 14 
tbe d8¥ u... MllQ' daer sq GOGt.lam to tad ~ tu 
greater part ot the dq durinl cool wat.har 1 or during the via-
'-' critJ.cal. pe:riocl ill order t.o obta1n aough tC1N19. • • • 
IWle aml Harbert (4), 1'leD ltadJiag tba lntlwmoe of IDOCllal ight on 
4-r, ob881Wd tU nunbtta ot dear Tia1\112g a alt. llolc eaab da7 a\ 7 
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P.M. ftq UWnd.1184 tat. t.M ma.._. naiW \ba llat duriag tull 
aou mt \b8 l•at. 4ul'i.DI uv--. A•OOl'diDc '°Bever (2) tbo nveae 
aa v. tw tbe ll•ok Bill• 4Mr bilrd. s. wnta that peak IPOtllghtJ.Dg 
oomate tor tvo ana• ooOVNd 4mi.as tba dark phase, or ti.rat quarter 
W1n41 vben asSOGiated with other taotor1, will haw var1ou et-
teota cm deer mol'..rt.a accorcllD& to Darlhg (lO). Be toual \bat 4981' 
have a ftl'11Dg clogNe ot taleruoe to v1D4 usooiatad vi\b moiatUN ud 
tMpUat.ve ftl"latlou. l.1nM11e am 'faad.cb (21) are 1A agr...rt, vi\h 
th.I.a an4 report. (p. 316)1 
Wild aooeataatea the etteot.a ot aold; aad on ool.d, ~ dqa 
dee retin tl'Cll ot.berviae favorable taeclJ.as plaoea to leevud 
htU11d•• or pro\eoted calearSJlgcs. tbe clHr clo aot. parUoalu'~ 
avoid v1D4 on bot. clqa, altbougb tll9J um117 are~ \Mil act-
ive ill tb9 opa MO&UM ot tai. actnr• t.1 pent.an u4 zielat.1Y11 
lmaat41t,. Ia m1l4 watber, 4eer _,~teed or nat tor 
hcRlra 1A 1ea\le or mdan\e 1dal. ~ • • 
data. 
Dmi.D& A1ght obeervatiou ot deer, Bever (2) wao abla t.o obaone 
t.be deers• reaot.ioD to dogs, aozot••· aid boboata. The preaeDOe ot 
these predator1 oaWJed \be deer to T&oat.e th8 a. tnnecllateJ.T. 
Road tntfio •• also evalute4 1D spot.light!ag opentlou by 
Bevezo (2). a. oonteaded that locat.s.on ot the stuq ueaa baa a bear1Dc 
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apon .Ueo~s ot tb8 tratt1o. le 41aaanr.t \bat deer vUl builcl a tol· 
eruae to tratfio alcmg wll-\raftlad roacla; lloveftr, a vehial•'• ap-
proach u leaser \raveled blot raK. vW. alarm tm cSMr, •ktng th8D 
... t CIO'fG'. 
CIWUR III 
Ia \he lanpap ot tb9 S1oa t.he ·Paha a.pa• atu4 •• IOlitaq 
eaaum oatpoata ot t.ba Rooll;r lt:Mmtaiu. The BJ aok B1lla ue aptl.T 
BUldJ to \be tnva1Ar first. aeeiltg th& at a 41atann the, 4o 1D taot 
appear u blaok llOUtdDa rlaing abcwe the trMJ.eaa pl•!na. Aa nported 
b7 tb9 v. s. rors.t Ser'lio• (26), the Prench v~ Int.hers - prob-
•bl.7 the tirat white mu vho nv them, 1rl 1713 - apoJm ot the Blaok BW.• 
aa a vildezmaa ot plm OO"lved mwrt-a!u, hllla, O&JVOAllt gul.obes, and 
ran.a, 1Aterspwaed vJ.Ul tartlle ftlle7s and natural parka laced 
vita& al.ear stnau. Thez nternct to them aa •a ft1"delrt. oasia" ill t.bo 
a14at ot • bunn, und11latlag praJ.rl.e. 
kMDd1Dg about 100 aUee tJ"Gll a IO~q to a llDl'thweater-
17 41Not.1on aid apprmdmatel.7 50 miles 1D vidtb, \he llaok Billa lie 
utnl71a Sodh Dalmta vitb • ..u mucdoa 1Ato utrw iamrn 
WJQ111111 (lel'Mr, 1). Tm groaa uea tot.ala about 1,525,aoo aOl"ea, ot 
vhiah all aoept lll,?6o •ore• an t~ omed (u. s. rorut s.r.. 
rlae, 26). 
Tm dame--ebaped upl1tt rt.• 3,000 to 41 000 teet above the 
pls2aa. Tm easteziD halt ot the area 81 beu U.pq vode4J the 
vestarA half 1a at1ll capped vith • U..1rt,cme strat\llll and ou be epokan 
ot u a a1x to anu thouaud too\ plateau. 3everal aha1'p granite 
peaJca llUI the .llllNDtaJ.n iateriar Jqged. As om traver•s out.vud tram 
lS 
tho iAterl.or a aeries ot rid&ea are o.roaaed, down to the 14.-t ario1rcJJ.'1g 
hoeb&ot ot red o1q. Tbo ~t. atNa1U have out c1GeJ> aazvcma at the 
lo_. levela. ODlJ 'bare rooka an void ot tree fti&t&t.ioA at t.m Mob-
oat el.evatiou. 
T~ olimate pattema ot the Dlaot Billa an e~ ta aall8 
aa tho .. atteotJ.DC the Great Pla1118. Th8 qpriea ot air masaea that 
a:tiw ollmaUo 41tt8"DOes within t.ba B1lla th•eelvea ('fborntbvaita, 
2S). 
TM awraaa aa.nuel precipitation vari.aa tram l.8 inaheo 1A the 
~ Motor to 24 !nobea at the higher fM.evat1ona 1A tJle north-
w.t (1!am'e l). IA t.h8 80Uiheut aeotor the bulk ot the moiature OQltOa 
1A \bl toni ot rain with oAlJ a tav 1Mhea ot llDOV. Tw t.o t.hNe toot. 
aoowaulatlou ot aaov 1A tba h1 ghv veatMA llmastone and north oent.ral 
recloD aoaoat. tor~ dittme 1A AlllOWlta ot e0 oual proo1p1~t.1cm. 
ixtnme• ot t...,_.tun• ue oharaotadat!o ot ~ llaok BillzH 
t._,...tve obaa(&ea ot 63> Jtabffllbeit. v.ltht.D a tev boura are llOt. uoom-
mon. Tba •ftl'8&• •nm•l temperature ot tho aout.haastam •ator 1• leas 
than tour U&Nes vumar than the llOl'Ulvllstern IGotor and central bi«b-
81" el.evat.1.ou. Bowrtar, 'the t.wo anaa llave tin to ten dair• ~ 
t.aparaturs 41ttel"CIDO$a 1A thll 1P1PP1Rr &1111 spr1Dg moatha (Bemer, l). 
Qf1118l'al.l7 the Black Billa laok • var184 nora. The c1om1unt apa-
oiea is pcmderoOA pine vhiah gro¥a ill pure stands aDd campoees 90 per-
oen\ ot t.ha timber. Tbs moist ll01'tharll aposureo 1n t.ba oeat,n1 aD4 
northern seotors havo a tev Rl aak Bill• apruoe. Onl7 limited areas 











11gure 1. Location ot Spotlighti.Dg Route Through Sumar Deer Range in 
Central Black Bllla. lot• also IsolJ19t11 ot 
!nnual Precipitation tor !rea. 
ud atmtlar epeoiea tba\ we P'W 1a alP1rdeaoe a1oJ11 oneka ill taott.oa 
landa. Otb8r pound oovv aid mderno17 plaata are Oregon grape, ~ 
oak, oowmt Jutper, bearber17, llDUllU1a ...... , Rooq MDu.taiA Ja-
lper, ml 'ii ..... 
J>eaoriptloD of tba studT Area 
!Id.a ~ at'14T -. ooaduotecl vithlD the Blaok Bllla ot 
South JJalmta. It vas natrlote4 to the vest.rA am a.tnl portloD ot 
Pelm1DgtoD C01mt7 vlth an addit.imlal tour ~ llU•• ateading 
into tba aortllveat OOl'D8Z' ot J.avnno• 001m't.7 • 
leoauae ot the Um el..at aid \he probibltln ooat illvolnd. 
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ill zvnntng lolll atrdght route• CIOYW1Dg lal'ge areu, the l'OUte vaa 
ild.tiel 17 ld.4 out. in • o1roal.ar patten cm •oom•17 all...,..tmr roa4a. 
IDJ.Ual DightJ-T AZ"187a nveal.ed &NU vlth auah htgber 4eezo Dmbera, 
and \be 01'1&J.Ml zioute vu aul»MlqUllUJ altered am WICICl tbrovgbout the 
stm, (rtpn 1). Through 79U'• ot obaenaUou ud u aoaumulatJ.cm ot 
clata, pm departMat pereoanel bave beu able to eat.abllab. u arbl-
t.ZVJ l1D eepaaU»g trU .--r Ull villter deer naa•· Tu apotl1cht-
1Dg rwt.e -· -' 1lp ~ vi~ tAe ~tiaa l1mlta ot \be 
aUllllDlr nDC•• 
&leva~iou ot '·°'°tee\ (B11l Ci'\7) am 6,800 ten (CuU• Creek 
•t•) ee the utNDaa found. vlt.bla t.be atuq ara. The cb&D&e ill ele-
vat.ioD (1, '174 teei.) inareaaea ~ tna the •.ten to the western 
Um.1ta of the .,U4htiDa route. 
Short. groving aoaaona u4 a4vern vbter veathor are uad9a1zahle 
tact.on ocmtriW~iag to the .mll m•M.r ot permmant rod.donta 1D the 
watan portion ot tho 81Ua. Pr1vaw 1a.nd owmrahip 1• restricted to 
tho lara• dra!nai•• *1.oh doonaae aOl'Oaa the stuq area. '?he v. s. 
Forest Servio• baa leaaed a aJor portion ot tha publ 1o lu4 ot \129 
Hilla to private oattlAMD aid ._, ovaera tu .,.... .. gndng. 
Beoau.ae ot ,.s1111ar1ues 1D v91et.at1oll am 1n topograp1v. the 
opotl.J.&hUDI route Gall be cleaoribecl 1D lftGD lqllmltll 41vided 'bJ J.aDd-
ma.rka lba1ilD in Ptgure l. 
18 
Sepent. om, Beno Guloh, 1.nolu:da4 ~ wdov numbor 32. Thia 
section vas inollded la th& st.wV" as 11l vaa the ODl7 aatlataotor7 aooeaa 
road to the main route. The dniaage ha• large aareagea ot pri.vate 
l.aD4a partJ.7 graaecl b7 aattJ.e. Dom1.Dut. plant species an polltflrom 
piD&, bluegraaa, villov, aspen, d011Bstio oats, and dme&U.a bq. Ele-
vations ra.ns• troll 5,026 to S,490 tMt. *tee 1• present 1n lJJd.tad 
&llOUlltaJ pollution ls evS.dellt. 
the 1800D4 18g11181l't,, B8ILo Guloh 'Tl to one-halt .Ue 80lltbeut ot 
Deert1e14, 1nolvded meadow• om thl'OuP five. Keadova l ml 2 U. 
iA pubUo lu4 heavil.7 gnaecl bf aa\tl.e 11hil• the other M&dova an lo-
cates aa private laDrl VS.th llOM BJ'lla1Dc• poat•n\ pl.allt epeoiea an 
a1•Uar to tho Reno Gulch 88g1111l\ auept tba\ v1llova are ebaellt. Tba 
elevation range la 51490 t.o 6,100 tan. L1a1tocl vater la avallable. 
Segar&t three, one-bal t 1111• soutUaat ot l>eerf1elcl to om b•l t 
mile north ot Cut.le Creek T, lnolude4 llM4ov8 6 through 10. The 
aepwnt waa ten oontJ.maoua Jd.lee or open ...sov &rb1 t.rar1lT cl1v1ded into 
five studT areaa ot equal laagth. The clrainage ia pr1mar1l7 pi-1vate 
land, all ungnad (aanaar months). Dondmnt plant speoies obaened an 
those tound in the first segment v1tb the addition ot lUaok Billa spruce. 
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Tbe elnatioD ~· is 6,100 to 6,800 feet. water, vhlch 111 pn881lt. at 
all time a, COM& mai nl 7 trom Castle Creek. Land ounera ue Rter from 
th11 oretk to irrigate oul.tivstect t1•14• ot domestic bq m1 oats. r11-
\1.NI 2, J, and 4 11"9 repred!ltatl"f• ot W.1 sepent. Lull ptOVtha of 
oata, graaa, aad villow oombim '° pro4uoe uoellent oover but. mate 
spotUaktJ.Dg 4Utloul.t. 
and om-halt .mllea east at lochfOJ'd and Jloute 85 Junction, illoluda4 111.S.-
ova ll through 14. It 1a on an •!&ht u4 one-balt mile at.Ntch ot opu 
meadow d1v14ec! into tour equal stwt, areu. Tbe entin dn1Dage1 Wdoh 
la predom1n•n~ public land, 1a haav14 grazed bJ cattla and sheep. 
There is 0!111 one homsite along thia 1ep9nt. Do:ninant plant speciea 
are Black Hill• spl'UO$, aspen, pondtl'oaa pia, bluagrsraa, and tdllov. 
ilentiou l'UC• bom 61800 to 6,'49 t .. t. Wat.er 1a pnaant la l.Jalted 
amounts. rs.ave 4 1a repnaentative ot port.1oDa ot thi• aapent. .Deue 
aspen. u4 piae thlobt1, aa abom 1n P!guro 51 U'8 aleo lmlllVOU. 
Sflpftt tiff, from Ca.Uo Ci-eek np to .._,,alt mile eaa\ ot 
!ibon Juaotion, vaa 12 oontimmua aUe1 ot opu -4ov 4lrt4e4 into a\udf 
mMdova 15 through 20. The ent1re uu, pablJ.aall.J' owae4, 1a bav1q 
gral84 bf oattJ.e. Vegetation ia ~ bl.ugnae1 upu, RooJq 
Youata1n Jwdper, pondarosa plm, and Blaolc Rills spruca. The elnat.lcm 
range is 6,800 to 6,480 teet. Wat., which la praaent 1D lill1te4 
amount.a, ls tOUDd ODl.7 on the north ensl ot the ae1mau1t. The 4ra1maoe la 
wide throughout most ot ita langt.h (J'ipre 6). The mead.ow fldie" are 
surrounded })7 aapea and pizlo thic.Uta (Piguro S). Deer wse vaa liait.ed 
to the rid;iau ot tiJDber projooillg into the open meadow (.Fi&Un ?). 
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~- ..... ~r.~~~.:~·,,;.,,~\L .. : . . .· .•. ,,,,, . 
Figure 2. 
Figure 3. 
• -.... I ••• 
. .. .. . .. 
Meadow 7 on Castle Creek. Cover consists of Cultivated Oats, 
Bluegrass and Willows. 
Meadow 9 on Castle Creek. Cover Mostly Fields of Cultivated 
Oats with Beaver Flowage in Distance. 
~ 
I 
Figure 4. Meadow 9 on Castle Creek. Showing Typical Growth of Spruce, 
Willow, and Bluegrass Below a Beaver Dam. 
(Compare with Figure 3). 
Figure 5. l·~adow 15 Sho'.ling Dense Aspen Thicket Utilized by Deer and 




~~adow 18. A High Prairie Meadow Showing Expanse to Forest 
Edge. Area Heavily Grazed by Cattle. 
.. ~ 
. ·- : 
. :.1' <::; .. _. 
""1~l?~i~:, 
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~2adow 16. Deer Use Confined to Timber Ridges Projecting in· 
to }eadow which is Heavily Grazed by Cattle. 
Sepllllt aiz Yaa One..bail t llile -.t, of NDoil. lllDOtioD to two &all 
ou-balt 1111•• .mbeaet ot Six Nil• JwaotioD. !ha 1an4a al.oag t.ha -.-
milt are publlo ml are boavilJ gra-4 by oat,U.Q. l)om1nant plaDt apeoies 
ant.be .. aa al.OD& tqmDt tiva wept. \bat. Black Billa aprace 1e 
. . 
abaut. The elevaUcm ia 6,4IO tut. at. \b9 vast.a ud aa4 varlea gNOt-
. I 
q tbrougbout t.be eagwm\ to 6,S?l feet, a\ t,he ea.terD end.. ata- la 
prea&llt 1a imponndmeat.s oonatruoted tor liveat.ook w. ligun I npro-
aeata tDI aarrav atriagor moadovs t.aasvwasd bf tb1a ........- ot tho .,ot.-
UgbUag &"Out.a. llpn 9 lbovs tba lllllJ. &d.8 ot tbe Nlllit. maadovo aDd 
nptat.lola pn1181lt OD them. 
$(t&•0 t anon. Six Mi.le JUDCIUOA to a po1Dt tow milee; oast, 
cODd.ated ot tour contJJmowl mUoa ot open aeadov equall.1 d1Yided into 
at~ llliMldow~ .)l ud. n. 'l'be lama an p\lblio &ml are bMYi1¥ gr&Hd b7 , 
sheep. Pcmdero• p!m, aapea, aa4 bluqnu an t.b8 dom1unt. pluta. 
liilnaUou nDI• bom 6,sn t.o o,243 t9". ~ w.ter la -u~ •t. 
pnaen 111 ~ uu. 
a- DepartmDt 1dologlats estimate \bat t.bere are nov 501000 to 
601000 d8ez' in tbe llaaJc Billa ot wb1.oh 75 percut. are w:blte-t.Ued 
apecies in eepenta ot t.ba lU.lla wb8N a vildl.Uo ra.age lll&DaBWt. pro-
gJ'llll ia praot1oe4J other apeolea are elJr:: am IDDlmt.aiA aoata. The latter 
an t~w 1A DJ"Nr:I aad reflU"ioWd primariJ.3 to \he ;&orbf.tok ~ild] u~ a.-
Figure 8. Meadoy 22. A Long Narrow ~sadow Transversely Crossed by 
Spotlighting Route. 
1 
Figure 9. Meadow 27. A Small Summit Meadow Heavily Utilized by 
Cattle. 
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'l'haro 1a little 4..1.rGn ~Ucm MtVllOJI doer ml otJmt pm 
ant ml I vit.hia \ha UU..5 llownr1 Berner (l) stat.eel \!lat. beaver ud 
oat.tl.B GG1Wvt ma, ~ bottaa 1aada to bluegraaa ..so.. 
Appmimat~ 22,000 aatU. u4 341000 lbeep •Dl!llllll° Wliag the 
. . 
laUOD!'t ronat oampete c1J.reoU1 v!.tb dee1" tv onrpalUg ml owerbrovs-
ing the mat prodnotlve bot.tom l•nclo. 
During DOl'Dll v.lnt.ors llBDl' ot the Wite-tailed deer atante fram 
the higher western porUoA ot the l1aoJc BW.a to aa moh u 2S mlle• 
out. Taggjng reoorda OVC' t.b8 paat ta )'Ura abov 1ndiv14ual Mrd 
movaMAta. It 1a bolJMved that \be wbite-taned 4aor tallov maJor 
draimgea east. In~ ot l~, hunters kUled two vhitQ-t.atlad 
deer (marklld by th8 author 1A t.ha wmllll1' ot 19'8) vh1ch had JIO"lecl 14 
am 25 aUeo eaatlaU"d reapacUvell' ~ These deer tollOVlld tho Cutle 
Creek dra!aage, then aroaaecl into the HIVey 'baru north ot Jl1ll Cit7 
when tmv" were abot. 
?tile 4ear 1ilh1ch ooaupr tha .-- areaa u do ti. Wd.tGtaila dur-
iaa tho RllMl" llOJltha ano ~ to mon favorable looal expoeurea :lD tho 
v1Dto:r. 
Berner (l), .vhlla evaluat.ing bJ.i gama ~of tba BW.a, 
1mUcated that 4eazt ar& tb8 moat ~ big pm speoioo, muace-nt-
viae, acept ill \he so squaN .U.11 arawd Barnq Peak an tbG7 be-
. 
. ~Units 
All ntap\ •• .a 41lriD&I Wa atuq to illpro9• ~ 
~ ml the ..t.bo4 1rt tdd.ah it lo UICI. Three 41ttenllt ~ 
lJahUJtl' 11111\a van teatadJ ISpna 10 u4 11 **tu Tebf.alaa aDC1 
ligla ..uaga. 
A -~ t.Nok eqdppe4 vlth t.vo 6.-!Deh apot.Uaht.e powre4 
1>y the ataDdar4 liz-volt battert vu the tint malt abookld. Thia alt 
bad been \Ue4 1n previoua JUl'S for ~ nplar 8pri.ag apotJJ&hting 
vork. The mad mm cU.st.uce 4M1" oould be read117 obl8r'Yad vaa 225 71U'da 
(Pipn 12). Deer be10Dd tb1a cliltaluae, 1io ?:15 1Ud•1 wre obaaned 
oal1' Sf \be, Wn84 IO tbdr .,.. wal4 Nt1ao\ U. lJPt• tu vl4tla 
ot U. fteld we nvea JV4e n ~ Niii•• It .. .W att.. otbez> 
. 
Uabt• w ·- tefte4 t.bat tM 1J.cbt prodwse4. u.. dz-ft.1.t.,... 
Ugb\a •• • J9llov lSPt tbat la 41tf101llt. to tcallov Ull oauaa oon-
d4enlll.e 919 taUgu vba ue4 tor long ,..w.. 
n. IMOD4 md.t teate4 ooaalate4 ot tw 12-wlt. apo\Ugbta pow-
.- bT a ataDdud 12-volt ba\te17 ul JIOmW OD a 1955 CJllftolet ata-
Uon ...- <rsave 10). w1tJa w.a att \Ile opt.imlD IUI• .. utu4e4 
to~ 1U'dot U imNam of ?5 JU'4a OYG' the f1ra\ md.\ tested. the 
width ot the tJAld inoreaaed proporttonet 17 to eight JUds at opt,iaum 
rs.age (11pro 12). i1'9 ratleotloDB ooul4 be 41st1.Dp1abe4 with lit.tlo 
d.lttioW.t7 at 325 ;rarde. Obaarvatlona wre more roadtJ7 obtained under 
27 
Figure 10. Six Inch, 12-Volt Spotlight Units Tested During Study. 
Mote Beam Shields on Lights. 
Figure 11. Heavy Duty Spotlighting Unit. Ccnsisting of 6 Inch, 110-









































































































































































































































































































































































































am u). Tha ah1el4 el1Jd.Date4 th8 l1de retlootion produced bf eaah 
light.. 'fhe ll"O&test ntleationa wre fl"Cll tho oune4 v1Mab1old ot the 
at4t1on wgon an4 trail the smooth pa1ntecl aurtaoe ot the •ehlolea. Re-
tleot.iou wre moat en ... troa the UO-Volt, tloocl araita. COllOtrucW 
ot .02 1Dch al•'"'•• the ahielda are a1x 1Dchea ill diamter ml tour 
ln4hoa 1n lqth. ThaJ wre placed batveen the anl beu miit and the 
lilht auapaa1oll riag; tJw riq vaa nplaaal, thus holdJJag the ahiel.4 
aa4 seal beam UDit. 1n the l.J&ht bouaiDg. 
otbn 9qU1pltent uaed dlll"1ni th1a st.uq 1aaludecl standucl weather 
1Aatrumata tor raoordiDg olimatologiaal data at aevera eatahU.lbed 
~a al.ODS the apotlightinl l'OU\e. 
lli&htl.J field obaarvationa wre made 41D"1Dg the pario4 June 14 
through September 12. The rou\e ma run a total ot 61 Dighta duriltg 
this per1o4. It vas tound earq in tlw atud1' that heaV7 ra1D and tog 
were i»t conducive to aat1atactar7 apoUlghtilJI oounts1 tbsreton, the 
routo vas not 1'UA Wea tog was pnsut or 4ur1.rl« periods of haa'f7 rain. 
The route wa1 l'Wl 1n five dittannt. patterna so that various 
parts ot the route oould be spotlighted at dittvent. time intervale, 
because Ull8 intervals vould btlv.encs temperat.Ul"e, relative humtdi~, 
moonlight, eto., and 'lll.t.J.uteq attect doer oounta. 
Tvo J10A start.lag one-ha.l.t bo'UJ" attv cnmdoWA completed the roate 
in eight hours. The puauger obaerver ws nspoaaUal e tor tall71ng 
dur counts ot imllvidusl aeac!Dvs UIS tor NCOrd1ng time am wat.ber 
data throuahout the rout.&. It waa the dut.7 of the d.rivv to spotl!&ht 
all 11e&dova on tba left dde ot tbe 1'084 vhlle the obMnor spoU.lchted 
th8 right aide. 
AocumW.atad tleld data V9l'e grouped tor atatlatioal anal.7aia. 
Coetticiellta ot oorralatloll, 8taldal'4 c18V'1atlon, u4 ftriuae ..-. aaa-
putea u naoa•mled bJ' Qnlden (16). 
CBAP'fU V 
Thia studJ vas des1gD8cl to evalmte pb.frdological and ecological 
factors vhich .1Dtluenoe counts ot dev us1Dg sel•atad meadova at D1ght. 
Phfsiological factors vere studied and 1Dcluded tavnina, antler deTelop-
ment, aad feeding rslated to uad.ov vegetation. 
Data wer~ ooUQated on the rmt.ionat>ip ot doer cowrt.a to aucn 
clouc/ 
eoolog1aal factors a1 tamperature, moisture, -8Jei oover, lunar phases, 
elev, aa1 time. The tiM taotor vaa ocmaidered trOJa tvo viewpointas t.he 
hour at wbicb each observation waa mad& and the date relatbo to ph&-
nomsna ot the seasons. 
Portions ot thG data wre trMted stat1n1call7 to aacertain the 
1ntl1Wlce individual taotora as vsll aa combiJled atteot ot inwrsctilJi 
taotors bad on Digbtl.J deer count.a. 
Pb¥s1olog1oal Factors 
A progressive 1Dcrease in DWlbere ot deer of various &&• classes 
ws not.ad on tho stud¥ meaclov:a traa N.rl.7 to late BWlllMr. Because IDU1' 
obsorvatiOJla were made at distances up to 400 Jlll"ds, a large port.ion ot 
the deer aounted aould m>t. be eaall7 aeud and aged with unaided 818"· 
ExtaAsiv<a use ot b1noculara vould have disrupted the tm schadula tor 
running the spotlight route. where d&er could be read!.ly 51!1.x.id and aged 
without binocular11, records vera kept; it is from thaee recorda that the 
.1.ntluenoa ot fawning and antler growth 011 total deer counta wa satimate.i. 
The fir.st f'aw ~ the seaBOD waa aeen on the night ot Jum ld aa 
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it tollowd a doe 1Ato wocQr cover sdJacent, to a meadow. On Jul.1 l a 
pair of twiA tavns was obsarved bade.led together at the edge ot a small 
olearicg. Tbroughout Jul.¥ t,hars was a gradual increaae in the mmber 
ot !awna s~t.1.!ghtad. On Ju.Ly 23, twent1-thne ot 4l4 deer recorded 
wre f'aim~. It is talt that an eve la.""ger number ot thi.s cowit may 
bave been fa'WB, but tM heaVT vegetatioll made ident1!1oat1on dilliculto 
Deer Wich vers deep in tha mead.011a or l1ing at the edge ot the timber 
could W: be located by f17• rotleot.J.on. 
Durizli the laet two W$U ol July a.mi tha tirat week ot A\lg'.ist 
there waa a notioaable inarease 14 i'ew activit1. Large groups or ta111ns 
woW.d coaoen.trate in open meadowa and play tor ex+..ended periods. The7 
displqed no apparent al.L"'"Bl t.o t.he light until does, vhich bad bean 
taedini close bf, callad to thu. The tavna would then quickl:r fies to 
cover whioh vaa seldom mora than JO 7arda &W&)'. 
Boaauae t.he tot.al doer cou.nt had :aon than tripled b1' Augwrt. 9, 
it wa:. thought that. a buck&doasf'avn ratio should be obtained which would 
t.lle increa.n. On August 13 the ob3arved ratio vaa 20: 100193, b-.it 197 ot 
the deer oba.rv&d d.urinc; that Jli&!lt vere neither sexed nor a&ad. At 
this the snd tor tbs next t.wo UMb it was apparent that fawns t.ravollad 
and .tad with the does dur~ ~ly aveniJll. Qocaaio.nal.1..j· bedded !awns 
coul.~ be !ound during the later hours ot evaning bl ca.rei'ully IMrahi.tli 
tha a.Nila arol.l.Dd teedi.nc doea. 
laws becalli9 inarea~incl7 i:ldapondent ~ doas dur!ne the l&tt.er 
part. of "1ueuat an::i th& f l.rst. ilMk 1.Cl $apt~r. !ilia ws wr1 evident 
b:J :Ap~r ~ \lhe:i t11wr.a wrs ob0i9rved taedint: &lone o: with .wvaral 
l4 
bucka tar nmoved tram large groupm ot 4oea and ,.arlillgs. CA Septeab8r 
4 and 9, additianel buck:doeitaw ratios vera obaanecl, the real.ta tor 
tvo lots bo1ng 54il00:1S9 tor 679 ml 9111001158 tor 719 deer. It 1a 
appanrrt. that. tJie mmaber ot tw lzaonal8d ~ ~ the 
stm,. The periods ot .tam and 4oa aotiv1tf vit.h napeot to dates qrae 
olosal.J with the findings ot LimtaeJ (20)1 Butt (23) and Tqlor (24). 
Data trcm theae .tw:lies and the pr9181lt at.ud,J are plotted apt nst t.he 
deer oount t.rlDd (l'iiun ll). Thia population tread lboul.4 nma1D con-
stant tor the Black Bills area proyided t.ba bned1n& aeason le not 
aigniticantJ.7 dalqed or prolcmgsd. 
The f1rat buck with balt-developed aat.lw• vu MU OA JvJ.¥ l. 
Later observations ot the :same buok (aapturs4 aDd mrbd bJ the author) 
revealed that the valvet. vaa lost before September 6. 
11"0ll Jul.7 5 to Augut 5, l;)wJJm wero occaaiom117 obaarved at. close 
r&Jliet.. On A~ l3, cm.l¥ 22 bucks vera aeen even vit.h t.he aid or biA-
oculars. No sreat 1.ncraaGGo 1n buck immbera vere evideDt until Aupat. 
25 wlwn small groups wre observGcl at the edges ot ope aaadova. The 
HX ratios obssrved on September 4 aad 9 showed J.4rse inol"Gaaeo of bucks 
over the ratio observed on Aupst lJ. Sixt7-38V9D at the bualra ot the 
~.apt.amber 9 count WN in throe groupe on meadow 7. With bhmoulara it 
was tou.nd that. 1denti1'1cat.1on as to sex am age can only be aocompliahod 
within Nlat1v9l.j abort distances, though deer can be acouratell COlmted 
"1th 11pOtlightd at zuch gnat.er d1;1t.ances. This was espee1al.17 true ot 
"spib" and 11fork-hom" buclta 1n earl1 stqee ot &r....ler development. 
Thoretore. many ot tho deer not. iAolwied 1D t.hra sex and age ratioa be-
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iavidano• ot 1•1.ultr1.atod movemante ot bucks vaa noted. 5evaral 
.malea haviac nat~ 1dentityi.ng obaraoteristics a%2d tour CUT11ng arti-
tical markers were obaened in the eame area tram dat to dq. This is 
iA agl"Uilflllt vith OO~tiou made bj Progulska and Basklatt (22) and 
Trqlor (24). 
The tirat ev1dance ol vW.v@t /$bsdd1ng wa notod ora .$eptembv l. 
Th& alwcJd"DG progreaeecl until mid-september when marl7 all bu.cu ob-
aened bad lost their velvet and maDJ' carried poluhed &Dtlera. Tba 
aeqU81'1C8 ot ontler devGlcpmmt atll related to bebavior ot tha bucka vaa 
an blportant contribution t.o the inoreaaecl tot.al deer count.a .made tram 
Did liUlilA9Z' to oari, tall (Figure ll). Bucb left .f orest«l areas mid 
appe&NC11A meadow men vel.vlilt eblddiag vu eviclent,. 
lot1vue:rt,s ot deer duri.Dg thia auimner ~ w:re related to the 
avallab1ilt¥ ot au.oculat tooda. Berner (lj, auEf (23), and L1AdH7 {20} 
tound tbat daQI' vill ccmoentrat.o gn gl"HD vsgstation tl'GI its ti.rat 
appeara.ao• 111 the aprl.n& and oontimle to use it vhen it 1o available 1n 
Preferred forage plant.:1 in the atucq area vsre illlOat abundant in 
~ rich bot.tom 11ada vhich are both natural.l7 am a.-t.itioall.J irrigated 
1'.rom looal streame. The cultivated tielda ot these bottomiam.s wore 
planted 1A rotat.iOJI to d.amestic hqs Clnd oats. Wild ba,r 1• alao 811 
import.ant crap 1:1 the area. IUih&at deer conuv.ntratiou WN found on 
thsae iUtgJ'azed lands. 
B.cauae .tNd.1.Dg habits an associated vit.h phemlogiaal cond.1-
l.iona, st.udy plota vera eatablizhed at fQur cU!f'srent elevatiou on the 
sta.df area. Phenolog1cal data wen colieotad tor at. l~st t01J.r pla:rt. 
apeciea cm each studt plot1 bluegrsa• and damestio oats proved to be the 
beat 1Ddicaton ot the ettaota ot miaroolimatea. 
Data calleot.ad cm nine cUttarut dates (b'oa June 9 to September 
6) Nnalad that the maturiv ot sneral plant epeoies i• &ppl'QXS.mt.q 
12 daJa later at. Caetle Creek "I" (elnaUoD 6,800 t•t) t!lu at BJ.U 
c1v (elmat.icm 5,oa teet). 
Tm -aoml ahanp1 1A GOYer oondltiou brought about. br api-
0"1. t\1Nl opaiatlou ud &rad.as bad a beuiDg OD the Daber ot 4MJo 
obaened. Unuaual pnoipltaUon lD Mrl.T 11117 4el.a1ecl \be ha7 ha.neat 
througbout, the atuq aru until 11117 25. The hq out,t,J.na began on Juq 
2' and llOViltg coatJ.ma8CI uill Augut. 10 w.m msrq all 1IDfP'Ue4 dGMa-
tio and vil4-ha7 M&dova bid beu out am \h8 haT NmOYed. B•v c1eer 
1119 ot the mvad Mldova deolimd tor about om wet, att81' *1oh large 
ambara ot doer returned to the mdova to teed oa tho av growth. 
Dama&& to clamest.ic oats b7 baaY7 troat and deer pu1Dg prampted moat 
Deer ian am w 
mt. reocG1.lp1 the mowed t1el4a mtU Allpat 23. 
Ql'U1l:lg bf oa\tle aid abaep had the mat direct atfect on uadov 
usage 1'J deer. Cattle, lli:a deer, uaueJ 17 ueek out tender green vegeta-
tion and gnae on it lDteuival.7. Tbeir mv..nta, lUa tJ&o• ot cleer, 
are regalated b7 ollmatio ooaditioaa. On -av oooa81ou botll aatU• &D4 
deer were obsened p-esial lD ti. auae U'RI but &8 tbl ._,. pntp'e-
ed deer left .-.dove henilT utt>t.s b7 cattle. 
Doer proftd to be more \olerant ot cattle than ot abeep, u4 OD 
no occa&dona were deer seen ldn4 vith ebeep. In moat 1.Dattmoes deer 
wore tar remoTe4 fl'Qm anaa preriowl1.r used bJ' ahnp. Maadov 14 waa 
uect for neitr]3 three web b7 20 to 30 doer. A largs flock ot abGep 
vhioh \Ila JM>l'ocl 1irt.o \he wdov ud &razed there tor '"° Vlelca a•aMd tU 
4eer to tMCl tisevhere. hent.7 dqu elapsed trom thfa U. tJMa lhaep vere 
t.akEm off troll the aeadow 11Dt.U mo" tau six elev vero obaerYad tbv" in 
au;y om neniag. The reoaO\ll'HJloe ot deer waa VfJ17 np14 alter a ra1a 
shollV bad brought OD new povt.h ot the 118avil¥-puecS 1a1aogru.. Ta 






TABLE I. COMPARISOHS 01 1958 SUMM!Yl TEWDATtmtS AHO 
PBICIPlTATIOJf WITH TJIRKE-WR AYUaQES AT 
JW:RrmtJ> WIA?Jlll $lATio1fl 
TmnpentUN Pnoipi:tat1on 
Thrt>a You- 1958 Dapar- Three Year l9SCS 
Averap ,.,..._.. ture Average AYVaga 
52.3 sa.s 16.2 J.47 2.0d 
59.'7 ,4.2 -s.s 2.63 4.46 
'8.6 51.6 -1.0 2.'7 1..01 
49.0 50.3 -1.3 1.09 .24 
Depar-
turo 




liJalle it 1a apeoted t.Ut sra•1Da am agrioW.tural PNO'loo• in the 
Blaok Billa vUl remain ea8Gllti4llf tho same 1n t\lture J9U'&, 8QD!9 oomi-
t10l18 speo1t1a to 19'8 ltbaild be llOW. 'nJe umum11ll 7 we\ pw1ocl cluriDS 
J\ll;f &ad August (T11})la I) 97 have ~ the perioci ot maxh11n maadov 
u.ae b3 deer. Obawvat.lona on anual open areaa as velJ. aa OD apar&elf 
timbered h1lla above t.ba JD&dows aboved that grass did mt ~ \12 __ ~ . 
Augu.at 2:5. Tlle clz71ng ot graaa in the upper bill.a JIOZ"ally oooura about 
AUgQat l, t'Ol'Cing cleer to lover madova where gnoa graaa pC'aiata 1D the 
aoiat areAa. 
icologioal raotora 
Correlation ooetfioi.errt.a wn ealoalated to det.eni1u tbl etteota 
ot IClll9 ot the 1lldJpml alimatoJ.ocioal taotora on deer ocnmta. Certaia 
ot theae tutors vere ell•taated frail c:orrelat.1o1a oal.cnalatiou becauaa 
ot tU iaadequaq ot data. 
Mlamble amounts ot v1ml bl.ft OD ODlJ' a1x aich'• during t.be 
•t.uq perS.ocl. OD tvo Jdght,a ot aae•aivel.J bJch v1Dda (34 a.p.b. amt 
38 •p.h.) there vae a aotinabla etteot Oil deer mov11DGDts. Baoh till9 
the vinda vere aoc:ampaaisd bf heaVJ ra1A11 W1ch drove the doer tram opan 
meadow to heavy ocrtv. Lt.mJ.ted data SncHcated var1at.1ona in deer counts 
an attaatacl ~ preaipitation (Appemllx B). Intensive t~ 1A open 
madova ooc:urred prior to zia1a abowvs. Aft.er t.he ra1A bad started, the 
toleranee ot daer vas ngulated by it.a 1.utene11;J am duratioD. Prsc1p1ta-
t1on data were lnalt:ll!ed 1n tbo multiple correlation calaulations becauae 
ot their nlation@tp to ln1mid1t7, temperature, and cloud covw. 
Counts made when tog vas pro18At W9l'9 deleted because ot their 
biand D&tv:re, eTeA tboll(lh doer appanntl.J' rA!llllt ned act.1ve during f ow 
periods. 
A qU&Atitatift method tor waurillg troat vaa not a'laU.able; thua, 
this variable was alao el1miuted from tho stud¥· 1roat ocourrecl on onl1 
seven ~hta \broughout tho atud7 period; tharetoro, the sample si:e 
vould not bava been a1gn1f1aant., bad the ettrlGts ot trost bae!l oalattlat.M 
1A ooaJaatioA vi\b ftber tao\ora. '?ba b1gb oarNlatioa lMRWHD deer 
cowata IDll temperatUN suggest.cs that host baa a 41not. relat.loaabi p to 
t.be ntnnber ot deer fnd'aa 1A Mad.ova1 1.e., troat oan41t1aaa nsalt in 
lov cleer oouata. 
f u etteo1ia ot time ot observation u a ftriable vere taand t.o be 
~ nlatec:l to cleer oounta (aonelatlcm aoettioient. bl• o.8327). 
It •• oaloulat.a aeparateJ.7 ud ia not 1DoluW h ti. 11111.tlpl• oOl'Nla-
t.icm aaloul.ated later. The paOGDtas•• ot tow deer oowrt,a oa Dille 
meadow ware computed tor tin time 1Dtenal• (Table n). The blgbest. 
oount (JO peroent ot the total) fell 'bRwen ta hours at 9 p.m. an4 10 
p.m. and tJw lowest. oomrt. (10 peroent ot tbo total) 000\ll'l'ed 12 p.a. aid 
la.a. 
TABLI II. P.IRCUT or Diia COlliTED DUIWG HOURLY IBr.EllVALS roa TB 
mm SPO!l.mmm RaIDD8 
reroeat. ot the Total 





p.a. p.m. .... 
&re:roctage aaloul.atecl fJooa the total deer COWlted on A1Da llMdova ot 
opt.iaa s1se aD4 t.n>e. 
On tw datea a -11 area vaa ipOtlJ.ghted troa the um po1Dt at 
hourl,y intervals. The 001Ult1 vore ma48 tram one halt hour after IJUDa9t. 
until 2 a.a. (Table III). .Deer aotiYit.7 which was aotioeahl.7 ditt&reAt 
on the t.wo dates m:y ban been elm t.o t.hs lunar phaaea (Jul.T Zl, tuU 
TABL.i nI. Dlil OBSEIWID a amuua TIMI IIfl'DVj!,.3 QI A JIORl'IOB 01 
IBADOW BUMBD 'I 
Deer Ob88l'Tlld 
lul.T Z'1 Septemller 7 
4l 
Tim standing L~ Total St.and tag LT1DI Total 
P.H. 6148• 11 (l~) ll 
?a501> 16 (l~)O 16 36 (l~) 36 
8a50 17 ( al$) 4 <1•> 21 50 ( 96j) 2 ( "' 52 
9150 2l ( 6") u (~) J4 64 (lQOJ) 64 
10150 17 ( SU) 16 (49J) 33 Jl { 74$) u <•> 42 
lla50 16 ( ~) 8 (-) 24 26 ( 76~) a (21$) 34 
•• 11. 12150 3 ( 1.4$) 18 (86J) 21 10 ( ~) ll (~) 21 
la50 4 ( ~) l4 <?•> la 9 ( 64j) 5 (Jld) u. 
2a50 
' ( '"'' 
l (17') 6 4 (JU) 9 (~) 13 
•su.u.t plus 30 aimltes Sept-"- 'I. lo IPO\lllht. uecl on first obuena-
tion. 
bsunsat plus rt JBimltos JuJ.t 2!/. No IPO\lJ.lht uaed OD t.lrat observation. 
°rercent ot total deer obaened at 1.ad1aated tim. 
42 
moon minus throe da¥•J September 71 last cparte plu om dq). 
The ~ deer count.a tor 1DJ one hour (Table III) o~ oloae-
17 vith t.he peramtage oaloalatlou tor the tmt.in at~ par1od (Table 
ll). Luse daanaaea 1D the total OOUllta wn noted tor the three 
per1oda ot NJ. mcm. hll moa pbaaea fell on lvJ.71, JolJ JO, am 
August 29. Variation 1D 4eer eOUDta tor theae per1oda ia tndteaW in 
ligm'_e 14. lla1l7 00\mts ot deer in l'Glatlon to JDOOD pha•a ue give 
1D Appudix c. 
Thovgh it voul4 be poeaible to oon:elato the atteota ot Um GD 
deer oowita, thia aorrel&Uon ~ have lla1ted uefulmaa. It the apot.-
Ughthlg 1a altf&7• ocmwsted at the aae tima ot the dlr,f vlth nspeot to 
8UIUl8t and dvillg tbG darkllr pba•• ot tbe J100D, "1ativa U. vill be a 
oautant and aan be d1aregard84 1D aubaequant analt•• ot apotligbtiug 
tor aiw aorraotiolla or 14Juatmanta ot cowrta tor the ett.t. ot u.. 
Camputation• heN&tter are t.aecl GD data frcllll 30 spotlJchUDg 
runa vba tim •• oonat&llt unl.eea ~- dea1pat9d. 
Aft.er tbe pnv1oualT cliaauae4 taotora were eUmt •ted tram 
atatiatioal anal.Ta!• tiv• variables reme1Dl4 to be oornlaW to IBHll 
llUl!Mr ot de8l" obsanod eaoh a1gb\ (1). the7 WH oloud OCMJI" (I), 
tmperatura (H), preoipitaUOD (B), dev (E), aD4 rel.at.iv. l111S411;J (D). 
The mltipl.e aorrelation ooett1oiant ot tbase five ftriablea vith c1eer 
counts wa oaloulated u outl1Ded b.r Goulden (1611.46-150) ud la pra-
aantecl 1n Appendix D. 
The oootficiallt ot multiple oorrelat1on (R) vaa 0.9235, t.be a2 
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Figure 14. Actual Deer Counts in Relation to Average lightly 


























vllrl.&Uon ot 4eer couata cm t!la spotl.J.ptiDg rwt.e couU be acaowrt.ad for 
~ vu!ation in the five ol.lmtologioal factors evaluated (Table rt). 
Al t.hotlgh the a ftlm lDdioatGd a signUiaant corNlatlon betwen 
the rmmbar• ot deer count.ad Ull ti. ollmatologlcal futon callectJ.veq, 
tho poe1lb1l it7 existed that th1a JDa1' have be8A due prllDarU, to the 
infiuanoea ol cmlJ part ot the factors vhllo tbs etteats at \bll nst 
vve mgl.1a1ble. In order t.o aheolt thia, the partial oorrelation coet-
.t1o1ant tor eaoh pair ot taotora vas oaloul&ted. Thia :resultecl 1&l an 
uderstan41ng ot the relat.10l1Sb1p between apeoitic val'iabl.ea vben all 
othera wre held oonataat.. All par\141 correlations ware atptf1cant 
at the 5 peroent level ot probabU1t7 eaept. tor the ooetf1cdent. tor dov 
with preoipitat1on. 
It the portion ot 1Dtorraat1on tundabed bf UT t.w variables 
wads to be nlatea or~. the oornlation bet.wen the two 
tads to be h1«h and a may not be much larger than the aorrelation ot 
eit.her with the rmml>or o.t dear obsorved. The effect ot t&mp9nlture •• 
a1p1tlcantl7 great.Gr when it•• oorrela't.ed vith the--.. ot 4au 
observed tor the entire aeaaoa, (l'Df: 0.8934), vhiah inol\tdea a mob 
pieater range ot temperature than those uaacl ill detamfn1ng the llUl.Uple 
oOl'Nl&Uon. 
Theee high corrctlation ooattioients 1Dd1oate that reuoaab]J' 1ood 
eatiaates ot deer a•mbvs oan be IDa4e v.lth onlJ tempiratun u the inde-
pendeirt. variable. Thia Jlll7 be ot va.l.ue 1t temperature mea~te are 
the oAl1 available data tor an area, because temperature data alone oan 
be uae4 to oorreot. tor var1abU1t.f 1D the oounta clue t.o veat.ber. Thia 
would iadicate that ~pha placed at the meadows voul4 tm'niu Vflr7 
x 
TABL& IV. COJUliLATIOJi OODTICI&llS• MULTIPU COBR&UfIOll CO&ITICDU AID OOBUCDD 
COBBEJ,ATIOJI cOBPnCIEll?S roa rm CLIMATOLaiICAL FAC'fOas& 
Or1g5•l Coottioiata \ 
I M B E \ D 
---· , -
l 
Partial. Coett1oiellta (all oth8zo 
Yariablou cou\aa\) 
I M B i 
l.CJO(X) --043~' t-.2:m ) -.0692 -.2112 /..0059 l.0000 
(~- - .... --
-0.5171 '-~~~~) -0.20)5 -0.2944 
·r- ···-----·· 
l. ooou / /..m.a» /..00/+'1 -.0746 -.~s 1.0000 /Q.8'1Jl -0.2516 -0.2440 
: l.OOOU J..W.6 -.0609 -.1093 ' 1.0000 /o.'J047 ,to.1921 I 
I 
I 
I 1.0000 /..lll6 /..0038 1.0000 /o.OJSS ,I 
i I . }.~ 0 \ /..3247 1.0000 1.0000 
. .I \1' . . . I 








Bi.23456 .= 9,92,, ~.23456 = 0.8528 l = Dealt CoUDt 
I : Cloa4 CCPIV 
B • PnolpltaUon 
~t.iou baa extracted dat.a -- u. ... ccmstaDt. 
:al.0111.at1olla aa OlltJJmd b7 Goulden (161 146-1.SO). 
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valuable prediction data. 
Tm d.J.reot NlatiOAlilUp betwon da.il3 temperatures and dear counts 
becama ftr1 fitVident W8A IUCh 4at& were plottsl (l!pre 14). Large 
tluct.uation in deer counts appearing in this tJ&ure _,. be ld.aleadin& 
wll.e~HJ it 1a \Ulderatood that tha denait7 ot deer Yaried ~fJ.3 through-
out 1.he at.wb' area. Vhlm tho tiva time-patterns tor rwm111g the route 
wre put 1Ato effect largo variatioAa in total dail¥ cowits resulted. 
Tbeae vlU"iatiou ven at.tributCld to oounts mad.a on bJ&b deer areas dur1Aa 
U. late boura ot the m.pt. 
Tu partial regreaaicn valuea 1A Appendix D can be used to sot up 
a prediatiaA equation aa outHnod bJ Goulden (16). 'Ebia vOQl.d pendt os-
timatioll ot the traation ot the total deer popul.&tJ.oA likal.J to be prtuie11t 
on meadovs undra' apecif'ied alimatio and ecological oond1Uoaa. TherebJ, 
VU7 tav oowita aould provide a reliable eat.imto ot the true population 
trem, ldnce the adJuatm9Dts iDdicated tor the partiaular oonditions could 
be Jlllda eitber from thfi pradJ.otio.n formula or tram a graph. 
The vviation in deer DU!DMrs as iDtlwmoed by moaclov sil9 a.mi 
t71J8 1G4 aamputad tor eaoh meadow. Yoadov m&asurements van made and 
each maad.ow was t,ped a~ to dom1 Mat. plant species. YAtldovs trom 
2Ul to 300 acrea in ailO and. alaaaitied T1P8 IV (bl.usgraaa, cultivated 
oat.a, dame3t1o ha,, vi th illterapcaed bruab7 cover) a&rr1ed the great.eat 
avorac;a number of deer per aore (ll.OJ). Then were tw .meadows ot this 
size and i,pe. Tlma, U a largsr iJtud¥ area ven daaind it wow.d be 
neoea:au'J to use TJP8 II aeadova (bluagrae81 vith interspersed brush¥ 
oover) vhioh ar& .,ra uumaro-118. 'lbs Qi.\& ct fn>e II meadows did not. great,-
17 iAt'luanao the average mmher ot deer observed per aore (Table V). 






Total Deer Cowit. 
T All.I V. AYE!UlOK DIER P&Jl ACU ARiD TOT &L D8R OBS&RVill OJll YARIOU3 
KWJO~ ftPU AID SIZliS J'OR 'l'B sroTLmJfl.DO PUIDD 
awlov'l'JP8 
T.JPO I TJP8 II fJpe III Tna IV 
BJ.uepaaa, 
Bl.mgraaa Blupiaaa,, Cul\ivated Oats, 
with Cllltlvat.d oats, .oa..u.o Ba.J", 
IntareparMcl amt vi.tll Ia'-'aper.S 
Blaagnaa BrulV' Cover Dmla8Ue Bq Bnab;J' Cover 
J.24 4.13 
- -





1.06 2.S9 1.10 









sit.o acd tr,>e, data tor 12 dtqs vere extract&i tor meadowa of Type I arid 
'tlJ>8 -f' (!able 7I &ml 'Iable ·1n). !has data wera talc.an vhet1. t.im8 was 
com;>a..-a'ble and wheii thu a.varSia ni;;!:ltljr t~ratur~ vaa 4J de;rsei5 or 
over. Preterenoe ws givan t!wae dq:3 llhich .fell with.i:l the dark phased 
or the moon becaWJ& o! th9 dir':)ct ccnolation betwen 5100n phase ud 
daer count. 
F~ th:> extracted data. standari :isviatlo!!:s ar.d ccetf'1ciant ot 
·1~...ations wer:t calculatad and cont'ldence 1ntcr-1als wers e:;tablisheC. tor 
the tw segment::. or the epotli~tlne route \lher!j1n Type I and Type r7 
meadovs are round exclw.livel:r. Cor.t1dence lbita at tho 95 P6l"C8llt 
level tor the t'olO ~l'tl:: or the rout3 al'IJ 2.).ll to Jv.a9 dectr (aog-
:-~nt !:) and 216.70 to 243.3:; deer (oeg:ont J). T:~e s~andai"'J ~rrcre ot 
tae moana are J.a9 &lld 13.JJ daer, re.::1p~ti·1al.J. :.:m~aqu.ent data collact-
ee under tm c.\1';illicant climatic and eoolo~ical coruilt!ons 1tpeoiti$d by 
TABLE VI. DAn.Y DEER cooxrs OU 6:mitr SW4KIT 
.&HD sraoo:u >eAOOWs8 
M:>oD Pbaao .>1 eer ti" AJ P ti,.. /J" ,... 
Cloud Tempera- vith.;. or 
Date Covv tme -Dq1 21. 22 23 24 25 26 
Partly 
7-14 cioq '8 I -2 3 4 0 J 0 2 
Partl.¥ 
lS Clouq 49 I -1 l 4 0 l l l 
16 Clowq SS I l 9 l 3 4 5 
17 Olo. 57 u A. 4 6 0 1 6 6 
19 Clear 48. I /.3 4 3 
" 
1 s 7 
20 Clear ~ fQ-1 5 
' 
l J 1 5 
21 Clar 49 rcra 2 4 0 1 2 6 
6- 9 CloudJ 5a LQ,(2 3 9 4 5 4 
' ll Clear 56 LQ/4 0 6 J a 2 
' l2 Cloudl 57 II •J 2 4 ; l l 4 
13 Cloudt 62 Al -2 7 9 
' 
0 l 4 
l4 Cl GU' sa 1-1 2 6 6 l 2 
' 
total lQ' U1zdov 36 67 ~ 20 ll 49 
'total All Dqa 
Avenge b7 Maldov 3 6 2 2 3 4 
4T•l'llP ~ DIV 
Coettioiu\ ot VariaUoa. 




Z1 2a Count. 
5 2 19 
l s 16 
2 2 27 
'I a 38 
7 3 30 
2 4 24 
,, 4 26 
2 l 31 
4 0 l8 
4 l 22 
9 0 'J'I 








&coua\a made lae\weu a ud 10 pa OA Moon t,o Six HU• JunotJ.cm. SepeDt. 
so 
TABL& VII. DAILY D&BJl couur OB~ MiADOWS or 
OPTDMI SW A.HD TIPa 
Ml»OA Phaae Total 
Cloud Tampera- vltb /..or Maadov Imber D41l7 Date cov .. \\IN 
- Del• 6 'I a 9 lQ Co\Ult 
7-' CJ.oud7 58 LQ-2 ,, 76 56 63 33 263 
8 Clear S2 LQ-l 28 68 S4 44 rt 221 
9 Clo1ldJ ,, LQ :JS 65 60 49 l4 243 
10 Clear 49 LQA. 32 59 49 54 38 232 
PartlT 
LQ,la 11 Cloaib' 49 ~ S6 ,2 34 32 201 
ParU¥ 
23 CloudJ ,. PQ 23 82 ,,, 22 29 21.3 
25 Clo~ 52 rQ/a 36 87 Sl 41 :J6 2'3 
26 Clou4y 49 rQJt3 24 '72 SJ. 48 26 221. 
a- 9 Clear 56 1.Qk 26 '1S 50 40 .34 225 
12 Clear 52 I •3 2S 90 49 4S 20 232 
13 Clear '4 B -a 2S 91 41 34 ll 222 
14 Clear 48 1-1 35 .,, S9 35 30 232 
Total bJ' Maadov 351 894 6ll. Sl2 710 
Total ill Ilq1 2,?Sd 
Avenge bT Mltadov 30 75 
'' 
44 ll 
ATGragtt °b7 l)q 230 
St.aadud DeriatiOll 22.93 
Coottiaiant ot VuiatiOD 0.0962 
standard Irror or t.llAI MMD t ll.30 
&counts mde betvecm B amt 10 pm Oil Dllert1eld to Caatle Creet •ya S.-
mant.. 
CJW'TU VI 
SUMMARI AID COJICL.tJSIOl'fS 
l. Thia at• vaa oondlactecl io d8iem1na the etteot11 ot ~sio­
lodcal ud eool.oglaal tutors oa awr .,u.iahting ot cle9r am to 
ult.tm~ est.abllah a '9aha1que tor -IAB'ina popal.atloa trea:la. 
2. 11el.4 atud.18a were Jll.Q in the Blaok Bill• ot South Dabu 
4uriag lune - September, 1958. QnalDg ia pcmd.tte4 "1' loue cm \be 66 
percent ot the Hilla 1D federal NIM'lhlp. ru private laDlla an devoted 
to agrioul.tunl. pmotlo ... 
J. A lOS-.U. .,u.iahtilts J'01lte 11aa eat.bllahecl ud :run eaoh 
A1gbt. tho wather permit.tea. 'lhe nu vhloh were made 4ur!Dg tha period 
J\1118 14 to~ 12 began one bal.t hour art.er 8Wl88t. Complete data 
wre calleottid eaoh D!ght a\ the base lt.aUon Ull at. 89T\lD eatabliabed 
wather atatlou a1oDc the rout.. 
4. !he aeven segments ot the 1POtl.ight1Dg route AN 41ri.de4 
1Ato .tvq aecUou amt 1nclmle4 tM ma4ovll on vhioh deer van spot-
lJ.ghted. 
5. ID order t.o d8tend.ne the moat .Uatacsto17 ~' tbree 
apotlJ.&htiag 11Dlt.a van teated. A UO-volt., 100,000 oudle power anit 
vaa tound to be be\ter \bu either the b-val.t. or the 12-volt unit.a. Tha 
llo-volt unit reduaecl tatipe ml aborteaad \be tlma nqulred to 00111Pl•te 
the rout.a. It. also mvecl to nduoe oba8l"la lrlTOI'. 
6. l'aVDinl aa4 tavn aot1ri.t7 bad a pl'ODOWIOed etf'eot OD apot.-
1~ count.a t.hrougbout. t.be llllliiil'· Sex-ac• raUoa takaA on Beptember 
9 showd an lnoNan ot JOO tawa per n.ight.17 run above the 1ait1al 
rat.ios obsened Jul.3 28. 
'I. Duoka appeared in lnoreasing numbers as antler devel.opmAt 
progreased. Tha ti.rat buak was poa1t1val.7 !dentU'ied b7 antler growth 
on JuJ.7 l. The muubar ot bucks obeaned each ni&ht increued to 18? 
vhen a mex ratio vu taken OD. September 9. 
52 
s. Fae41zig aotivitiea ot deer ven related to phem>logioal oon-
ditJ.on.s. Bluegrass a.mi clamestic oata van the best 1.Ddioator apeoiea. 
Deer use •a heaviest. on oultivated l.and. De9l9 shied avq tr= areas 
on vbieh cattle wre graa~, 4nd avoided sheep on all occaaioD.8. 
9. W.im vae not WIN1"eabh OJI enough nights to be treated 
atatlsticall7. Bow'fer, deer sought cover when high w1JSda were acoompa-
nied ~rains. W~"ld, ~. and tog ooul4 not be adaquatal.7 manred 
awl thus were elindnatad from the statiatloal wqds. 
io. The tm ot observatioD d1rectl7 atfeoted the total deer 
count. Caloulat.lona sbowd 78 percent ot the deer wre coant-4 bJ' 11 p • .aa. 
Data tor caloulations wre extracted when time waa constant because ot 
tba 41.ttarent denaitios of deer \broughout the route. 
u. A aul.t1ple cornlat1on was oaloalated tor fiv• variables in 
order to obtain their ooab1De4 ettect. on t.ba total mmbar of elev ob-
181"T9d. The five factors ware cloud cover, temperatun, Faoipitation, 
dov, aad relative bmrhU.v. 
12. Tba multiple correlation ocetticient (11) vas 0.9235 ad a2 
indicatttd that 85.28 pll"Ceat. ot t.he Yariation 1n deer oounts vere d.118 
to the intl.uanco ot t.J&e five olimtal.ogical. factors. 
13. The correlat.10ll ooeft1c1ent tar temparature vith deer counts 
tor t.!141 Gntl.r$ spotlighting period, (Z-XMJ, was o.S934 \ddch would in-
clioa\e that ma6Ul'Wllt ot \aperat.UN alw _, be all tba\ la neo•.-
aar'T Jn aubmequell\ op91'9t1ou to get r.sonabl• papalaUca \rm est.1-
Sl 
14. SUb.eequoat, data ..,. be ans1pe4 bl ualng the parUal rQfJNa-
alon ftl.uaa caloalatod 1A • pndiotion eqaaUGD, prorid1D& data 1a 
collected under apeoUS8d.1 eaalogiaal el alimatolopoal. aonlUtlona. 
15. Each atadT maadov va• meanre4 an4 olaa11fte4 aooord!mg to 
dom'neat plairt. spoo!es. The wdcVll Vl9l'G poupect into tour clitterut 
tJPGa. 
16. The dena1'7 ot deer on \be stadJ llltadOVB during tha sunaar 
varied tram ll.20 to U.04 deer ,_.acre. lxtNotect data tram tvo ses-
manta ot the routa abow4 variatioa 1D deer m•mbars on varioaa .madov 
t1P0s• SegmDt 3 had a da.U1 mHD dM1- count. ot 230 VS.th a stamard 
error ot plus or m.lmla U.30 deer. Segmnt 6 bG4 a da1lT lllMD deer 
aCRSDt ot 271 tile staD4ud Vl'OI' be1ag plu rm mtaua 3.89 deer. Thaaa 
mMna can be Wiid •• a bu1a fw N11re apotJ.1gllt.1ncl oouata. 
17. SUbaequent data ooll~ed tram ~s l and 6 1mdn' apeol-
tW ecalosioal ur:l oUmatologioal GODdiUou r11q be \reated bJ" tbo 
.... staUetioal mthoda empl.OJQCl in \his atidl' am then oClllpU'Gd with 
the lmD8 imllaated aboYe. 
18. In turtber re.aroh, AWDMr epotJJahUDg counta ot deer in 
the Jllaolc Bill• aboul.4 involves 
a. Uae ot the UO-VOl t tl.oocl units to Nduca elTOl" a.ad 
exp91188. 
b. Thermograpbs in Keh st.ud,7 moadov to obtain local 
teapenture variations. 
o. ftunntng Oll1T put ot t.M l'Wte eatablillwd tor thia 
atud;r am \be J.oaat10A ot other suitable areaa to be 
.,ot.UabW tar Mt.t.er oanna• ot \he 11.aok lWla. 
4. Complete .noards Oil taVD1Dg, antler 4ewl.opmant., and 
phcMaolOQ' 1ddob 97 obaDI~ t1'Cll 1eu '° JUI'• 
•· Ruan' ng u est.abllabecl route at. \he _. t.1119 ha the 
,_ po.iAt. euh Dilh\ 8tuUDa cme hov atter awlH't. 
t. 1>11idlat: roates 1Dto clat1n11ie eepeDta NJ.a\lq t.o 
"fe&9'at1on. 
&• Jbmning ot the route cmJ¥ vb8D tM te1lfCl'Cl\ve W 
hour art. 8'md.ow la over '8 degrees. 
la. ftampi ag ot the Z'ft\e ODl1' duri.as tb8 dark pbaoa11 ot 
tbe JDOOD. 
l. Snenl. ob1enat.iou ot 4981' Gil t.ha ..,. area at 
c11tfereat U.. illtenala aid under 41ttenat .U.Uo 
ooaditicma to Ww mmratud tbelr night aotlv1U••· 
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OOMPlRISOI OF PRBOlPlT.iTIOI AID DLA!IYB JIUMD>In 
il'i'ECTS OI TorAL D!ILI Dia aomn:s 
Pr•ipltaUon4 
!SM el.apad le-
\vua DMI" Coant 
ud lat. Pno1p1-
Period Amount tat1cm (It uader BelaUve 
start stop 36 Bcnara) B.W.t.J 
?pm llpa .Z'I 
5am llaa .JS 9 Roura 62 
S6 
S Hours 67 
6am lpa .21 74 
Saa lpm 1.12 
5pa ?pa .06 
'7plll l2pta .26 




24 Sours 87 
1all 6- .16 During 84 
6pa l2pm .60 
l2pD 4all .60 lS Houri 74 
3pa 6pa .05 a2 !ours 87 






































COJl9'1Wl>I '1' l'JBOIPl!Af!OI &ID IBLA!IVI BUMIDrrt &rne!S 
OI TOTAL DID coms (OQl'flllJID) 
,,... Qapae4 .... 
hecd.pltaticm• , .. Deel' Comat 
Pv1o4 Amount 
u4 Bed Preo1p1-
\at.lo& (tr Un4ar BalaUve 
star\ stop 36 loura) B•u'dl\7 
31 Bova 68 
9am lla .14 ? Boura '16 
l2pa 4u .26 During 52 
66 
?pm .as 22 Roura 
60 
85 
22 Hours 90 
7p lOpm .u 
10. llul .51 
2pa 4pa .17 26 Hoare 92 
2pa 5pa .23 29 Bova 90 
lpa 2pa .02 
?4 
laa .u 









































COMPWSCI 'JI PllCIPl!A!lOfl AID m.am llDMIDrrt llTIC!S 
OI TO'fAL DAlLt DllR c:omrrs (QO!flillJID) 
Preoip1tatioll• 
Tim &lapaacl le-
t.veen Deer eouat 
ml ~ Preoipi-
Period AlllDm1t taUon (It umar BalaU.ve 
Start Stop 36 Boars) B-.1d2t7 
88 
74 
34 Houn 78 
... lOaa .Ol 10 Bova 80 
64 
'12 
.2~ Dllriag l2 
78 





26 Bova J) 
9am lOaa .01 Dur~ 74 
44 
U. Hours 60 
l~ l.SO 
82 











































COWW301 OF PRICIPl'fATIOI ADD BILATM BUMIDM UFICTS 
01 TOTAL DAIL? DiSll comrrs (COR'tDU&D) 
'llme &lapaed le-
Preoipita~ , __ Deel' Ccnmt 
ull lat Precdpl-
P91"1o4 Amoun\ \&\ion (It Under Relative 
start Stop J6 Hova) Baa14lt.J 
4u .02 a Roura 
ao 
Saa 6ua .rn 
2u ,_ .02 
94 






J2 Bova 68 
4am .10 8 Bo\ll"a 76 
62 
76 
36 Boura ao 



















C0"1PA1l.ISOI OF PRECIPITATION AHD RELATIVE BUMID.tl'Y QTECTS 
Oll Tar.AI. DAILY DUR COOITS (COBfINUW>) 
Tim il.apsed Be-
t.veen Deer Count 
ud llext Precip1-





SUMNAilBATIOI OP KtDOROLOQICAL J>ATA 
" : I" < 
· 1 I •, ' 
AY81'8ge IU.ght.q )!bODPba• ; ~ .. , ,., . . , .. 
Temperature :!ab Rela\lve !lmrd4lt7 With /. or - Deer D&te Precip1tatJ.cm8 Maa4ov· 8t&U at Bue S\atloa llcl.Ye Couat 
6-14 .38 S6 so 52 62 14 144 ~, 
16 56 '4 S6 56 1-l l/J 
17 60 29 48 67 • 139 
ia .21 63 28 5.3 ?4 If A. 2lJ .. 
23 .26 64 '2 Sl 68 FQ-1 205 -: 
24 61 32 4l 64 FQ "" I 191 ·-
26 67 24 ~ 56 rQ/.2-· 196 · -·, 
n 79 ll. J.6 68 F~l 300 -
30 78 4S S4 87 I' -4 m 
7- 2 .16 74 32 
'" 
84 F /.1 J8i 
4 .60 58 4? 38 74 ., /.3 258 
5 .os 62 53 39 87 LQ-3 ~ • · , ~ 
A"4wga JU&btiJ.7 >IDDfhue 
Dail¥ T...,..tare8 T81SpM'a'-:t:~ B81.aU.ve Jbmdd''7 111.tll /. or - hu' Da\.e Precipit.&Um.18 (Hl:d: ldat••-) • dow sta att Bue stat.tan Dqa Comt. 
7- "I .10 70 JS SS 72 L<.;-2 404 I 
a 68 4S J.b 68 J.Q-l. m /). 
9 .14 71 38 '4 ?6 J..Q 39'1 I 
10 .26 70 40 49 '2 LQ,tl. 386 ':'. 
-
11 72 32 52 66 1.q,12 
-14 sa 41 46 60 1-2 343 .. 
lS 63 » '6 ., I -l m 
16 68 40 '4 90 B 49S 
19 .17 70 4J '4 92 I /.l 482 
21 .23 71 ll 4J 90 ro-a 417 -
23 80 JJl S6 74 fQ l86 
25 73 :n 52 82 PQP. /JI 
26 70 42 SJ. 94 IQ/.J 408 
28 72 33 S4 91 , -2 414 ~ ~ ~ 
, ...... ~ Mraoa , ... 
Da1l7 .,...,..tve& f~at a.l.at.ive lhm41'7 vlU& /.or - Deer 
Date fnoipitatiollA (Mazi•m-MI abaam) Maeliolf~"'t&~ at, .... ~"tatiea 
-· 
Qoaat 




a-1 79 38 4? ?4 F /2 JlO -:• .... ...- ) 
2 ao 39 5) .,. r /.3 36S --
4 .Ol 60 
"' 
52 80 LQ-J 2'5 .. . . 
5 60 39 so 64 J.Q-2 :n6 ~ . 
6 79 JO '1 '12 LQ-l 308 
'1 83 45 
'' 
32 LQ 332 
8 .2s 86 42 53 '18 L~ 338 
" 
. 
9 89 44 S9 
'° 
L~ 44? . '). 
82 1.~ -ll 44 SJ. '2 m _ ...... 
12 83 40 52 '6 . _, Jal ~ 
lJ 83 43 '6 S6 "-2 4Z7 -;. 
14 85 43 
'' 
lO JI~ 424 ·~ 
l5 .01 'IS 41 
" 
74 n 4'3 :;; S' 
Av8ftae Dahtq ~ .... 
Dally Tarpsratve& ta:aperature at. Relat1-Ye Bwd41tT with/. or - °"r Dato h'eQipit&tiod' (Mwdw MID:lnw) MDadov staUonab at. BaB8 :J'tetioA ~a ~ouat. 
~16 d6 4l 49 44 l'i A. 361 ~ _..,) 
ia ao 44 ~ 60 • /.3 549 '.:.' '- _, 
20 6' 46 4'l d2 FQ-J.. 409 
2l 73 2$ 52 as Pt~ S74 
. _, 
. 
2.3 63 l4 ~ *> IQ/:a 360 -. ~ ) 
26 so Y'I 55 94 , _, S42 
27 76 .38 50 6d ., -2 439 
)J 11 28 34 7tl r A 241. .. . , -, 
~ .1. ao 33 45 J.J> ., /.2 612 
2 78 34 45 so F J3 00/. 
3 66 ~ 44 86 1.1}-3 6~ 
4 71 .l3 .52 6S LQ-2 &lO 
5 .10 11 lcJl 42 76 l.Q-l 6Sl 
£, ?4 .36 41 62 LQ 622 ::g 
l1clat1ve Hmrd di:ty 
lJ~te Preeipitatiol'.fl 4t Bue Stai.icA 
d &1 38 55 76 
() 
.01 '14 71 56 80 , 
10 15 43 /J:> 72 
ll 79 39 48 ea 
l2 d8 4!J f;,7 82 
8Taun trc:a om.tect. S&.at.ee weatber mauon naorda at Deer.t1o14. 
bAt t1- Dlgbtly dear' ooants wre made. 
---
Mocm l'llaao 




jj _, 737 
.I -2 679 -·· 
I -1 7:$ 
-- ._ ___________ 
._-.-~-tor·--·--·-··--
-
.J M - ... J:L_ k; 
v i) G 
l J -.J 
0 1 .,; 
0 0 l 
0 0 0 
i.) u .) 
0 
u 
l.0000 0 0 
i'l.0019 0 0 
-o.82~ ,ll .. 0000 0 
-3.1939 J.3.tmS 0 
/4,>.:}IJ21 
-"·6107 ,l.L.OOOJ 
/o.S563 -o.~ -;..l .l..1379 
/o.31.74 -0.2042 -J .. o644 
/IJ."J42.S -0.2214 -0.()()95 
-0.4928 /o.5363 -0.05.26 
-o.6005 ,to.6'35 -V.C164J, 
A..3~ -l.4957 /vu2~ 
14..3249 -3.9306 /-0.'65" 
/.4.6662 -o.69W 
,ll.ll5d 
1.0000 -a.'177 ./-0.5567 -0.2035 
l.0000 /.O.S?'Jl -0.2576 
l.0?00 /oo3047 
&corralat.ic>ne !rote ext.ractcd data ~hen t1m9 •s constant. 














/..J .. 4"85 
p;J.5673 
-o.J.651 
-0.0455 
/;J...2.499 
-0.2%4 
-0.2"0 
,to.1921 
/o.0385 
1.0000 
.l. 
